Objective: To examine how relational qualities, including commitment to a sexual partner, are associated with condom use among young heterosexual adults at increased risk for sexually transmitted infections. Guided by the investment model of commitment processes, we hypothesized that sexual partner commitment is a function of satisfaction with, alternatives to, and investments in the relationship. Commitment to a sexual partner is, in turn, associated with reduced perceptions of vulnerability to sexually transmitted infection acquisition, which results in lowered condom use intentions and use. Method: We tested the hypothesized model using data from the Project on Partner Dynamics (POPD), a 4-wave, 1-year longitudinal study featuring a Time 1 sample of 538 African American, Hispanic, and White young adult from East Los Angeles, California, who provided data on all their sexual relationships over the year. Results: Findings from hierarchical path models supported the hypotheses, with relational qualities significantly linked to condom use via commitment, perceived vulnerability to harm from partner and intentions to use. Conclusion: These findings have implications for improving the health of high-risk individuals, including suggesting the importance of raising awareness of relational qualities that may give rise to unsafe sexual practices.
erback, 1997)-do not capture important aspects of the relationships in which condom use occurs.
Research has begun to investigate the association of relationship characteristics and partnerships on condom use. For example, consistent condom use has been associated with the general quality of the relationship and coital frequency (Katz, Fortenberry, Zimet, Blythe, & Orr, 2000; Manning, Giordano, Longmore, & Flanigan, 2012) . Moreover, recent studies have found that condoms are used primarily in casual relationships and use declines in relationships over time (Manlove et al., 2011) . Nevertheless, the role of relationship qualities in sexual risk behavior has only begun to be examined (see Burton, Darbes, & Operario, 2010; VanderDrift, Agnew, Harvey, & Warren, 2013) . What is needed is a more thorough theory-based understanding of how relationship qualities influence condom use (cf. Karney et al., 2010; Lewis, McBride, Pollak, Puleo, Butterfield, & Emmons, 2006) .
Investment Model of Commitment Adapted for Understanding Condom Use
The theoretical framework guiding the current research is illustrated in Figure 1 and centers on the role of relationship commitment to a sexual partner. The term commitment is often used to describe the likelihood that an involvement will persist (Agnew, 2009) . One particular theoretical model of commitment that has fueled research within social psychology and allied fields is the investment model of commitment processes (Rusbult, 1980; Rusbult, Agnew, & Arriaga, 2012) . The accumulated empirical support for the investment model in various interpersonal contexts suggests that the model can increase not only our understanding of the factors underlying decisions to stay with (or leave) a given sexual partner, but also can guide thinking regarding the consequences of commitment for condom use.
Theoretically grounded within interdependence theory (Kelley & Thibaut, 1978) , the investment model examines the processes by which individuals come to be committed to a partner. Commitment, characterized by an intention to remain in a relationship, a psychological attachment to a partner, and a long-term orientation toward the partnership (Arriaga & Agnew, 2001 ) is determined by (a) the amount of satisfaction that one derives from a relationship, (b) possible alternatives to that relationship, and (c) the investments one has made in the relationship.
Satisfaction level is the subjective evaluation of the relative positivity or negativity that one experiences in a relationship. If a person perceives that a particular sexual relationship is highly satisfying, the person is likely to be more committed to that relationship and less likely to discontinue it. Quality of alternatives to the current relationship also influences commitment, as perceiving that an attractive alternative will provide superior outcomes to a current relationship can lead one toward that alternative and away from the current relationship. Investment size also contributes to the stability of a partnership. If a person has made considerable investments in a particular sexual relationship (e.g., time and effort, disclosure of personal information), that person will be more likely to remain in the relationship than would a person with fewer investments. Individually and collectively, satisfaction, alternatives, and investments are posited as antecedents of relationship commitment. Commitment, in turn, is a significant predictor of relationship breakup, accounting for over half of the variance in this key outcome (Le, Dove, Agnew, Korn, & Mutso, 2010; Le & Agnew, 2003) .
The robustness of the investment model has been demonstrated in dozens of empirical studies and via meta-analysis (Le & Agnew, 2003; Rusbult et al., 2012) . The model has been shown to predict relationship continuance over time and a host of relationship maintenance behaviors (Agnew & VanderDrift, 2015) . The model has been employed in a range of studies applying the model to participants of diverse ethnicities (e.g., Davis & Strube, 1993) , homosexual and heterosexual partnerships (e.g., Kurdek, 1995) , and abusive relationships (e.g., Choice & Lamke, 1999) , with moderator analyses suggesting that the associations between commitment and its theorized determinants vary minimally as a function of demographic (e.g., ethnicity) or relational (e.g., duration) factors (Le & Agnew, 2003) .
Relationship Commitment and HIV/STI Risk
Beyond maintenance and persistence, commitment has also been shown to be associated with condom use, with stronger commitment associated with lower condom use in casual relationships (VanderDrift, Lehmiller, & Kelly, 2012) and with condom This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
use less likely within ongoing relationships than within casual partnerships (Anderson, 2003; Misovich, Fisher, & Fisher, 1997) .
Rather than being more careful in sexual relations with a known partner (motivated, one might reason, by increased affection for that partner), the available evidence suggests the opposite: one's defenses seem to drop and trust appears to increase (Simpson, 2007; Wieselquist, Rusbult, Foster, & Agnew, 1999) . The consequences of strong commitment identified from past work using the investment model suggest the commitment-perceived vulnerability linkage displayed in Figure 1 . Past research suggests that individuals often ignore self-interest and willingly put themselves at potential risk within the context of a committed relationship (Buunk & Bakker, 1997; Pilkington & Richardson, 1988) . Agnew and Dove (2011) directly tested the association between commitment and perceived vulnerability to harm from a partner, finding significant negative associations between commitment level and partner-based personal harm perceptions, and that greater commitment leads to (a) decreased perceptions of a partner as a source of risk to the self and (b) increased risky behaviors by the self. Thus, past findings are consistent with the notion that relationship commitment inspires a departure from self-interest and a positive skewing of partner-oriented perceptions (Murray, Gomillion, Holmes, Harris, & Lamarche, 2013) . Accordingly, as commitment increases, decreased perceived vulnerability from one's partner may lead to decreased condom use intentions (Sheeran, Abraham, & Orbell, 1999) , with intentions shown to be significantly associated with condom use in prior research (Albarracin, Johnson, Fishbein, & Muellerleile, 2001; Sheeran & Orbell, 1998) .
Method
To examine the hypothesized associations outlined above, we conducted a longitudinal study of individuals at elevated risk for HIV/STI acquisition, with four distinct measurement occasions at 4-month intervals over 1 year. All data collection periods involved individual men and women who met study inclusion criteria: (a) 18 to 30 years old; (b) engaged in condomless vaginal or anal sex within the past 3 months; and (c) reported at least one of the following: (i) more than one sexual partner in the past year; (ii) treatment for an STI during the past 2 years; (iii) ever used injection drugs; (iv) for women only, ever had sex with a man who had sex with men; (v) ever had sex with someone who used injection drugs; (vi) ever had sex with someone who was HIV-positive; (vii) had sex during the past year with someone who had an STI; (viii) had or have a partner who has had sex with someone else during the past year; and (ix) had or have a partner who they suspected or suspect may have sex with someone else in the next year while they were or are still together. We selected these criteria because they identified individuals who were currently at increased risk of HIV/STIs, those whose prior behavior put them at increased risk, and those who may be at increased risk in the future.
Participants and Data Collection
Participants were recruited as part of the Project on Partner Dynamics (POPD). POPD is a longitudinal study that examined relationship dynamics within the heterosexual involvements of men and women of reproductive age at increased risk for HIV infection. Participants were recruited between 2006 and 2008 from clinics and community locations in East Los Angeles, California.
In-person computer-assisted interviews of approximately one hour were administered using the Questionnaire Development System software program. Participants were matched with interviewers by gender and, in most cases, by race or ethnicity. Participants were offered the option of being interviewed in Spanish; however, all participants chose to be interviewed in English. For sensitive questions, participants were given the option of entering their answers directly into the computer. Over the course of one year, participants (N ϭ 538 at Time 1; 276 female, 261 male, and one did not report) completed four in-person interviews at 4-month intervals (Time 1 to Time 4). At Times 2, 3, and 4, a total of 436, 377, and 330 individuals were interviewed, respectively, for a retention rate from Time 1 of 81%, 70%, and 62% (attrition rate did not differ significantly by participant gender or race). Participants were compensated $30, $35, $40, and $45 for the Time 1 through Time 4 interviews, respectively. Transportation and childcare costs were reimbursed up to $20 at each interview. The Institutional Review Board at Oregon State University had primary ethical oversight and approved the study protocol and materials.
1
During each interview, participants provided data regarding all sexual relationships (identified by initials or nickname) they had had in the previous 4 months (total across time periods ϭ 1,262). Nicknames or initials were used to link data about partners across interviews; this procedure allowed us to track changes in an individual's partnerships over time. The study included data from 710 unique relationships, including 501 that were ongoing at Time 1 and 209 that began between Time 1 and Time 4. At Time 4, 200 relationships were ongoing, whereas 510 had ended at some point prior to Time 4.
The majority of participants were in their early to mid-20s at Time 1 (age M ϭ 23.98, SD ϭ 5.12, median ϭ 23), and with regard to racial/ethnic composition, the sample was composed of roughly equivalent numbers of participants who identified as White, Black, and Hispanic (30.5%, 26.6%, and 23.9%, respectively, with 12.8% multiracial and 6.2% other). Their relationships at Time 1 were primarily described as exclusive dating relationships (57.8%, with 10.2% dating causally, 5.3% just friends, 12.4% engaged to be married, 9.8% married, and 4.5% other). The average duration of their sexual relationships was 23.3 months at Time 1 (SD ϭ 24.8, median ϭ 14). Over the course of the four waves of the study, new partnerships were added to the data as participants reported them, so the study relationship duration average was lower than the Time 1 average (M ϭ 11.3 months). Over the course of the study, participants reported on average 18.3 sexual acts between waves with each partner (e.g., between Time 1 and Time 2, or between Time 3 and Time 4), of which 46.3% of them were reported as sex with condoms (SD ϭ 43%). Over one quarter of the participants reported perfect condom use with a particular partner between waves (28.9%), whereas 33.5% reported never using a condom with a particular partner between waves.
Measures
Investment model constructs for each sexual partnership. Participants completed the Investment Model Scale with respect to each of their ongoing sexual partners at each of the four time 1 The POPD protocol and study materials were also reviewed and approved by institutional review boards at California State University at Los Angeles and at Purdue University. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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periods. This 22-item validated measure (Rusbult, Martz, & Agnew, 1998) Perceived invulnerability to harm from each partner. We administered six items to assess individual's perceptions of HIV/STI risk from each of their ongoing sexual partners (e.g., "How likely is it that you could get HIV from having sex with [Partner A] without using a condom?"), adapting questions from existing perceived vulnerability inventories including measures developed by Reisen and Poppen (1999) . Reliability for this scale was high (␣ ϭ .93 at Time 1, .94 at Time 2, .93 at Time 3, and .93 at Time 4).
Intentions to use condoms with each partner. To measure condom use intentions, we employed a four-item measure used in past research and adjusted for the timeframe of POPD (Agnew, 1999 ; e.g., "I intend to use a condom during sexual intercourse over the next 4 months with [Partner A]" and "I will make an effort to use a condom during sexual intercourse over the next 4 months with [Partner A])." These items were each rated on a 5-point scale ranging from 1 (definitely not) to 5 (definitely), so high values on this scale indicated high intention to use condoms (␣ ϭ .94 at Time 1, .93 at Time 2, .94 at Time 3, and .94 at Time 4).
Condom use with each partner. At each time period, we assessed condom use over the previous 4 months by asking participants to report for each partner the number of times they had sex (vaginal and anal) in the previous 4 months and the number of times a condom was used. To measure condom use, we coded their responses as a ratio of acts of intercourse with a condom to total acts of intercourse, ranging from 0 to 1. Similar measures of condom use have been commonly used in HIV prevention research with gay/ bisexual men (e.g., Kelly, St Lawrence, & Brasfield, 1991) , innercity heterosexual women (e.g., Carey et al., 1997) , and innercity heterosexual men (e.g., Kalichman, Rompa, & Coley, 1997) .
Demographic variables. Finally, participants answered demographic questions about themselves, their partner(s), and their relationship, including questions about age, gender, race/ethnicity, and relationship duration (see "Participants" section for measures of central tendency).
Results
Data preparation and treatment of missing values is described in detail in Footnote 2. For all analyses, we used full information maximum likelihood to handle missing data. To be conservative, we additionally reran all analyses presented subsequently using multiple imputation (N ϭ 20 imputations) to project results. The results from these analyses are consistent with what we present here (i.e., the model fit, path coefficients, and effect sizes do not change substantively).
To test the overall model presented in Figure 1 , we constructed a three-level model in Mplus Version 7.4 (Muthén & Muthén, 2015) . Because condom use was found to be nonnormally distributed, we estimated our model using maximum likelihood estimation with robust standard errors. In this model, time points were nested within partners, which were nested within participants. In total, we had data from 487 participants, who reported on 710 relationships (M ϭ 2.36), and the average number of time points that they reported on each relationship was 1.62. For our main model testing, we controlled for gender, race, and relationship duration (at the first reporting of the relationship), by including them as predictors of each endogenous variable (i.e., commitment, perceived vulnerability, condom use intentions, and condom use). As hypothesized, when considered simultaneously, each of the paths was significantly different from zero (see Figure 1) . Overall, the model fit the data marginally well (root mean square error of approximation [RMSEA] ϭ .08, comparative fit index [CFI] ϭ .88, standardized root mean square residual [SRMR] ϭ .09). Removing the covariates, all paths remained significant and overall model fit remained consistent (RMSEA ϭ .08, CFI ϭ .89, SRMR ϭ .10).
2 In preparing the data for analyses, we lagged the condom use ratio by one time-point to place it within the same data row as the hypothesized predictors of it. For example, during her Time 2 session, a participant completed measures of all of the predictors with regard to a given relationship (e.g., satisfaction, condom use intentions). When she returned at Time 3, she completed measures assessing how many sexual acts she engaged in with that particular relationship partner, as well as how many of those acts included use of a condom. To analyze these data, we lagged her Time 3 report of condom use so that it was on the same row of data as her Time 2 reports of the predictors. Thus, her row of data for Time 2 now includes measures of all of the predictors of condom use (i.e., satisfaction, alternatives, investment, commitment, perceived vulnerability, and condom use intentions) as well as the ratio of acts of intercourse with a condom over the next 4 months. This allowed for the elimination of time as a predictor from all subsequent models. Following data preparation, we examined patterns of missingness to determine the most appropriate analyses. To start, we created a stacked dataset in which each time point had a row within each relationship within each participant (time points were nested within relationships within participants). We followed every relationship reported, even after it dissolved, so every partnership has a row for every time point beginning the first time it was reported. For example, a participant who reported three partnerships at Time 1, then added one partnership each at Times 2, 3, and 4 would have 18 rows of data: Each Time 1 partner has four rows (Times 1-4), the partnership added at Time 2 has three rows (Times 2-4), the partnership added at Time 3 has two rows (Times 3 and 4), and the partnership added at Time 4 has one row (Time 4). In total, we had 3,051 rows of data. Of these, we used listwise deletion to eliminate 1,594 rows in which the relationship was not ongoing (i.e., it had dissolved at a previous time point or during the 4 months preceding that time), and 307 rows in which the predictors of interest were measured at Time 4 (because we would not be able to assess condom use for that partnership over the subsequent 4 months, as it was then beyond the range of the study). Of the remaining 1,150 rows of data, we observed three patterns of missingness: (a) full data to test the theorized model, with data from two sequential time point (n ϭ 794), (b) participant attrition before condom use was reported (n ϭ 309), and (c) participants failed to complete one or more measures (n ϭ 47). Thus, we end with a missing data rate of about 31%. This document is copyrighted by the American Psychological Association or one of its allied publishers.
We also computed a number of alternative models to the one suggested in Figure 1 . For example, we analyzed a model that allowed each of the theorized bases of commitment to directly predict perceived vulnerability (bypassing commitment). The fit of this model did not improve upon overall fit (RMSEA ϭ .14, CFI ϭ .28, SRMR ϭ .25). We also computed a model in which commitment directly predicted intentions and a model in which commitment directly predicted condom use; neither of these models resulted in improved fit (commitment-intentions: RMSEA ϭ .07, CFI ϭ .80, SRMR ϭ .17; commitment-condom use: RMSEA ϭ .08, CFI ϭ .76, SRMR ϭ .21). Finally, we ran our hypothesized model separately for male participants and female participants. Overall fit was comparable for both, and similar to the overall model fit presented above (men: RMSEA ϭ .08, CFI ϭ .90, SRMR ϭ .07; women: RMSEA ϭ .09, CFI ϭ .86, SRMR ϭ .12).
Discussion
Condoms are currently the only widely available method of STI prevention and the only method for protecting against both HIV/ STI and unintended pregnancy for sexually active individuals. Understanding the complex factors that influence condom use is critical, therefore, to understanding HIV/STI and pregnancy risk and prevention in young adults. Despite the relational reality of sexual and HIV prevention behaviors, few studies have considered the role of the relational context in decision-making for protective behavior, including condom use. In addition, most theories that have been applied to understanding the determinants of condom use have focused heavily on individual-level constructs and not on relational qualities.
Guided by the investment model of commitment processes adapted for understanding condom use, the current study addresses these gaps in the literature and extends previous research by examining relationship qualities within specific partnerships to increase understanding of condom use. Overall, our findings provide support for the associations proposed in the theoretical model presented in Figure 1 . Specifically, we found that satisfaction with and investment in a relationship were positively associated with commitment whereas quality of alternatives was negatively so. These findings are consistent with a meta-analysis of the investment model (Le & Agnew, 2003) , which found that across 52 studies, including 60 independent samples, satisfaction with, alternatives to, and investment in a relationship each correlated significantly with commitment to that relationship.
As predicted, we also found that higher levels of commitment were associated with lower perceived vulnerability to harm from one's partner that, in turn, was associated with decreased condom use intentions and decreased condom use. The current findings add to a body of research that has shown condom use is inversely associated with relational measures that characterize the relationship as long-lasting, durable, stable, and/or exclusive (Ku, Sonenstein, & Pleck, 1994; Manning et al., 2012) . Unfortunately, the cognitive consequences of relationship commitment may leave an individual susceptible to potential health risks, including HIV/STI acquisition. From a safer sex promotion viewpoint, the commitmentperceived vulnerability linkage is particularly worrisome. Moreover, as individuals often fear that suggesting the potential for HIV/STI risk within their relationship could pose a threat to the relationship itself (Bowen & Michal-Johnson, 1989; Wingood, Hunter-Gamble, & DiClemente, 1993) , greater commitment may inhibit discussion necessary for couple members to ascertain critical objective indicators of own risk.
The current study suggests that commitment plays an important role in STI prevention; however, that role may be seen as conflicting in light of the broader literature. Whereas the current results revealed that commitment is negatively associated with condom use, other work has shown that it is positively associated with maintaining a monogamous relationship and not engaging in sexual concurrency (Warren, Harvey, & Agnew, 2012) . Commitment level should, therefore, be considered in contraceptive counseling and interventions to prevent transmission of STIs. Although interventions may be designed to encourage couples to build intimacy and commitment, they also need to emphasize the need for HIV/ STI testing, improvement in communication with one's partner, including the discussion of monogamy agreements, and increased awareness about sexual risk before the discontinuation of condom use (Warren et al., 2012) . Great strides have been made in couplebased behavioral interventions (e.g., El-Bassel & Wechsberg, 2012; El-Bassel et al., 2003; Jiwatram-Negrón & El-Bassel, 2014) and the current findings highlight the continued need to take relational elements into account in ultimately reducing HIV risk within sexual partnerships.
It is important to note that several couple-based interventions focused on the prevention of HIV risk behavior have been implemented and evaluated. Burton and colleagues (2010) conducted a systematic review of studies (e.g., El-Bassel et al., 2003; Harvey et al., 2009 ) examining whether couple-focused behavioral prevention interventions reduced risk behavior. The authors found that these interventions consistently reduced condomless intercourse and improved condom use among participants compared to controls. Despite much progress on these prevention efforts, couplebased interventions remain limited with numerous methodological gaps (see El-Bassel & Wechsberg, 2012; Jiwatram-Negrón & El-Bassel, 2014) . For example, because most couple-based studies use stringent criteria for their definition of a couple which likely results in a sample of more stable couples, the dyad sample may be limited by selection bias (El-Bassel & Wechsberg, 2012) . Because the current sample consists of individual men and women, not dyads, our findings contribute to a better understanding of how the relational context impacts individuals who are in relationships, along a continuum from relative strangers to long-term partners. Importantly, the dyadic perspective does not necessary require an ongoing relationship between two individuals. As Karney and colleagues (2010) aptly noted, "although all relationships are dyads, not all dyads are relationships" (p. 190) . Taken together, these findings suggest the importance of implementing interventions targeted at couples as well as interventions that focus on the relationship context targeted at individuals.
Notable strengths of the current study lie in the use of a novel prospective methodological approach for measuring and modeling the dynamics and qualities of sexual relationships over time. The study is theoretically grounded in a well-developed conceptual model of factors underlying decisions to stay with (or leave) a given sexual partner, with ongoing dynamic relational qualities at its core. Data to assess the relational context were collected using relationship measures that were partner specific. These measures were assessed for all sexual partnerships, including concurrent relationships, for each individual on multiple occasions over the This document is copyrighted by the American Psychological Association or one of its allied publishers.
course of one year. Furthermore, by using a sample comprised of roughly equal numbers of White, Black, and Hispanic participants, we feel more confident regarding the generalizability of the findings across racial and ethnic groups. Finally, both men and women at increased risk for HIV were included in the study. A significant gap in knowledge concerns HIV risk among men who have sex with women and men's perception of power in sexual partnerships (Amaro & Raj, 2000; Blanc, 2001 ). This study is not without limitations. For example, overall model fit could be better. Past work highlighting the importance of dyadic condom use intentions (i.e., collecting the measure of condom use from both partners) provides insight as to what might be a better approach to assess both intentions and behavior (VanderDrift et al., 2013) , and suggests that model fit would improve upon the addition of the other actor's intentions. Because the current sample was obtained in a large metropolitan area within the United States, our results may not be generalizable to young adults who engage in risky sexual behavior from other areas. Because of attrition over the four periods of data collection, it is possible that the most at-risk participants were lost to follow-up. In a separate attrition analysis, however, we found that the reasons for condom use were not meaningfully associated with loss at follow up. Finally, when collecting data on sexual intercourse, we did not distinguish between vaginal and anal sex. Because many previous studies had reported low numbers of anal sex reported by participants in similar samples, we asked about vaginal and anal intercourse together.
In addition, to test our model we could only include relationships that were ongoing at any of the first three assessment periods (due to known problems with respect to retrospective memory biases in reports of relationship quality in relationships that have ended; McFarland & Ross, 1987) , and also featured data with respect to condom use in that relationship at a later assessment. Thus, the current study did not capture reports of particularly brief relationships (i.e., relationships that both began and ended between study assessments) and is limited with respect to understanding the model's applicability to relationships less than 4 months in duration. Moreover, the lagged analyses involving condom use, although suggestive of a causal association with earlier model variables, does not provide definitive evidence of causality. The utility of using a lagged variable to approximate causal inference depends on a number of factors, including potential feedback between condom use and other model variables and potential third-variable confounders (Robins, Hernán, & Brumback, 2000) .
These findings have significant implications for the design of interventions for reducing the risk of HIV infection among individuals in close relationships. The better we can understand the association between the characteristics and dynamics of sexual partnerships and risky behavior, the better we will be able to address the multiple barriers to safer sex behavior that occur within heterosexual relationships. The current findings suggest that feelings of commitment to a sexual partner are associated with a reduction in sense of risk. Thus, the current findings contribute to the design of interventions that focus on changing sexual risk behavior within individuals involved in sexual relationships, including suggesting the importance of raising awareness of relational qualities that may give rise to unsafe sexual practices.
